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The role of CDW gap on the magnetic phase transition in
CMR materials
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Abstract : We propose a model to study the magnetic phase transition in the Colossal-Magneto-Resistance
(CMR) material of general type R1–xAxMnO3 (R = La, Sm, Nd; A = Ca, Sr, Ba). The model Hamiltonian consists of
a Charge Density Wave (CDW) gap in the eg-band and the strong magnetic field due to the spin ordering in the
localized tg core electrons. The Hamiltonian is solved by using Zubarev’s Green’s function technique to calculate
CDW gap (∆) and magnetization (Md) in t2g band. Both of them are solved self-consistently. Their combined
effect on the temperature dependent magnetization (Mc) due to the eg band electrons is investigated. Both the
magnitude and the transition temperature of (Mc) are strongly influenced by both ∆ and Md. Hence the hopping
of the band electrons are strongly controlled by these two long range interactions. The results are discussed by
varying the model parameters of the manganite system.
Keywords : Colossal magnetoresistance, charge density wave, localized states.
PACS Nos. : 75.47.Gk, 71.45.Lr, 71.23.An
1. Introduction
The manganite systems like R1–xAxMnO3 show colossal magnetoresistance (CMR)
effect. The CMR effect observed in some doped manganese based oxides (manganites)
has attracted much attention for the theoretical as well as experimental studies [1–4].
They are insulators at high temperatures but poor metals at low temperatures. This
metal insulator (M-I) transition is accompanied by a magnetic phase transition from
high temperature paramagnetic to low temperature ferromagnetic state. The double
exchange (DE) model [5] qualitatively explains the magnetic and M-I transition but fails
to explain the quantitative change in resistivity [6]. Several mechanisms such as
polaronic effect [7], charge and orbital ordering [8] have been proposed to account for
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the discrepancy, although the detailed picture is still unclear. Some of these above
effects may explain various phenomenon both competing and co-operating with each
other in manganites. A pseudo gap appears in the angle resolved photo-emission
(ARPES) for La1–xCaxMnO3 (x = 0.33) and La1–xPbxMnO3 (x = 0.30) [9]. The pseudo-
gap may be either of polaronic effect or charge density wave (CDW) gap. The pseudo-
gap may be a kind of dynamic charge density wave (CDW) gap originating from the
Fermi surface instability. It has been observed as super lattice reflection in X-ray and
neutron scattering experiments [10–12]. Recently some theoretical model calculations
have been used to explain the CMR effects in manganites taking band J-T effect as
one of the pseudo-gaps [13–15]. In the present communication we propose a model to
study the effect of CDW gap appearing in eg band on the ferromagnetic phase
transition observed in CMR materials. In Section 2 we discuss the theoretical model
Hamiltonian and in Section 3 we calculate the Green’s functions and the expressions
for CDW gap and ferromagnetic magnetization. Finally we present the results and
discussion in Section 4.
2. Theoretical model
The Hamiltonian of the eg band electron is given by
( )( )c k k
k
H k B c c†
, ,
,
σ σ
σ
µ σ= ∈ − −∑ (1)
where ∈(k) is the band energy, µ is the chemical potential, B is the external magnetic
field, with σ = 1 for spin up and σ = –1 for spin down. The operator ( )k kc c†σ σ  is the
creation (annihilation) operator of the eg-electrons. The CDW due to the doubling of the
real space unit cell which leads to the halving of the k-space unit cell or Brillouin
zone. The opening of the CDW gap will only be energetically favorable to the Fermi
energy sheets in the gap region, because the energy of the electrons in the lower band
will be lowered. If the CDW ordering vector Q is very close to the wave vector q that
connects two sections of the Fermi surface, then Fermi level should lie in the gap. The
CDW couples to the lattice through distortion of the MnO6 octahedra with a wave
vector periodicity of Q. This coupling to the lattice can help to explain the large energy
scale (300 MeV) as well as soft edges of the pseudo-gap observed in ARPES
experiments. The Hamiltonian representing the periodic Charge Density Wave (CDW) in
the eg band is given by
( )c k Q k k Q k
k
H c c c c† †CDW , , , ,∆ + ↑ ↑ + ↓ ↓= +∑ (2)
where ∆c is the CDW gap parameter. This satisfies the nesting property k Q k∈ ∈± = − ,
with a periodic wave vector Q chosen for CDW is (π, π, π). Here eg band is taken as
a near neighbour tight binding one with the dispersion
( )k x y zt k k k02 cos cos cos∈ = − + + , where t0 is the nearest neighbour hopping matrix
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element tij. This one band model is valid near half-filling. The Hamiltonian representing
the c–d exchange between the band electron spin ciS  and core spin 
d
jS  is given by
ex
cd
ij
H J σ σ
σ
= − ∑ c di jS .S (3)
where J is the ferromagnetic interaction (J > 0). In the mean-field approximation in the
Ising limit the Hamiltonian can be written as
( )
d
ex
cd k k k k
k
JMH c c c c† †
, , , ,2 ↑ ↑ ↓ ↓
= −∑
( )
c
k k k k
k
JM d d d d† †
, , , ,2 ↑ ↑ ↓ ↓
+ −∑ (4)
where ( )k kd d†σ σ  is the creation (annihilation) operator of the core t2g electrons. M d and
M c are the z-components of the magnetization of the core-electrons and band electrons
respectively. The Heisenberg type direct spin-spin interaction among the core t2g-
electrons is given by
m H
ij
H J .σ σ
σ
= − ∑ d di jS S . (5)
In the Ising limit the Hamiltonian for the z-component of magnetization M d for the core-
electron is given by
( )
d
H
m k k k k
k
J MH d d d d† †
, , , ,2 ↑ ↑ ↓ ↓
= −∑ . (6)
3. Calculation of coupled equations
The one- particle c-electron and the core electron Green’s functions are calculated by
Zubarev’s Green’s function technique [16]. Then the correlation functions and the
number operators are calculated from these Green’s functions. The z-component of the
magnetization M d due to the three core electrons are calculated from
( ) ( )d d d d dk k
k
M n n n n
N
33 ↑ ↓ ↑ ↓= − − =− −∑ . (7)
The CDW gap parameter is defined by
( ) ( )c k k
k
V V∆ Φ Φ Φ Φ↑ ↓ ↑ ↓= − + = − +∑ . (8)
Similarly, the induced magnetization present in the band electrons is defined as
( ) ( )c c c c ck k
k
M n n n n
N
1
↑ ↓ ↑ ↓= − − =− −∑ . (9)
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The correlation functions calculated from the Green’s functions are given by
k Q k Qc
kn f f
1 1 2 1
1 2
1 2 1 2
( ) ( ),ω ωω ω
ω ω ω ω
− −
↑
− ∈ − ∈
= −
− −
k Q k Qc
kn f f
3 2 4 2
3 4
3 4 3 4
( ) ( ),ω ωω ω
ω ω ω ω
− −
↓
− ∈ − ∈
= −
− −
[ ]ck f f1 2
1 2
( ) ( )∆Φ ω ω
ω ω↑
= −
− ,
[ ]ck f f3 4
3 4
( ) ( )∆Φ ω ω
ω ω↓
= −
−
,
d d
k kn f n f5 5( ); ( )ω ω↑ ↓= = − (10)
where iif e( ) 1 (1 )βωω = / +  is the Fermi function with β = 1/(kBT). The five quasi-particle
energies i i( 1 to 5)ω =  are given by
( )kB B2 21,2 1 1 1ω ∈= − ± + ,
( )kB B 2 23,4 2 2 2ω ∈= − ± + ,
d c
HJ M JM
5 .2
ω
+
= (11)
where
k ck B2 2 2 21 1( ) ,∈ ∈ ∆= + −
k ck B2 2 2 22 2( )∈ ∈ ∆= + − (12)
and
dJMB B1 ,2
µ= + −
dJMB B2 .2
µ= − ± (13)
The dimensionless parameters which are scaled with respect to conduction band width
W are :
the exchange coupling g = J/W, the CDW coupling V Ng
W
0
1
(0)
,=  the Heisenberg
coupling g2 = JH/W, the reduced temperature t =  kBT/W and the external magnetic
field b = B/W.
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4. Results and discussion
Interplay of charge density wave (CDW) gap and the core electron magnetization md
produces a very small induced magnetization m c in the band electron as shown in
Figure 1. The small magnetization mc appears near Curie temperature tc, but gradually
decreases and vanishes towards low temperature.
With the decrease of CDW gap parameter (g1), the CDW transition temperature
(td) decreases as shown in the inset of Figure 2. This decrease of CDW gap enhances
the induced magnetization (mc) in band electron.
As temperature decreases from tc to low temperatures, the magnetization sharply
Figure 1. Shows the self consistent plot of CDW gap (e) vs. temperature (t ), core-electron magnetization (md)
vs. temperature (t ) and induced magnetization (mc) in the eg band vs. temperature (t) for fixed CDW coupling
g1 = 0.1045, core-spin coupling g2 = 0.17 and for different values of c–d exchange coupling g = 0.025, 0.045,
0.065.
Figure 2. Shows the plot of induced magnetization mc vs. temperature (t ) for different values of CDW coupling
g1 = 0.06 – 0.11. Inset of the figure shows the plot of CDW gap (e) vs. temperature (t ).
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decreases at td towards low temperatures as shown in Figure 2. The depleted density
of states still exists towards 0 K.
As the magnetic coupling, g2 of the core-electron increases the ferromagnetic
transition tc due to the core-electron increases. This increase of ferro-magnetism
enhances the magnetization in band electrons. With increase in it’s tc, for tc > td the
magnetization shows a sharp fall at low temperature.
With the increase of magnetic field, the induced magnetization (mc) is suppressed
for temperature t < tc, but for temperatures t > tc the magnetization mc is suppressed
and becomes negative in high temperature paramagnetic phase. A clear depression in
mc appears at td.
Figure 3. Shows the effect of core-electron spin coupling g2 on the induced magnetization mc present in eg
band. The plot mc vs. t is shown for g2 = 0.03–0.17. Inset shows the plot of md vs. t.
Figure 4. The plot of induced magnetization (mc) electron vs. temperature (t) for different external magnetic
fields b = 0, 0.0001, 0.0002, 0.0003.
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With the decrease of CDW coupling (g1) the CDW gap transition temperature (td)
decreases. When extrapolated td → 0 for g1 = 0.03. This shows that the minimum
CDW coupling for the system is 0.03. The coupling smaller than this can’t produce any
CDW gap effect. Similarly, the Curie temperature (tc) decreases linearly with the
decrease of magnetic coupling of core-electrons. In the limit when the magnetic
coupling g2 → 0 then the ferro magnetic transition temperature tc becomes zero.
5. Conclusion
In order to explain the ferro-magnetic metal to insulator transition in manganite system
we have considered a CDW type insulating gap in the eg band. The ferromagnetism
arising due to the spin-spin correlations between the localized t2g electrons induces
ferro-magnetism in the eg band electrons. This effect was incorporated in the Hamiltonian
considering the interactions between the spins of itinerant eg electrons and relatively
localized t2g electrons. The interplay between the temperature dependent magnetization
and the insulating CDW gap strength are studied numerically and the results are
presented. A strong magnetization appears in the eg band electrons near the ferromagnetic
Curie temperature. This magnetization increases as the CDW transition temperature
decreases. However at very low temperatures a insulating phase exists near 0 K. The
magnetization sharply decreases towards lower temperatures near the CDW transition
temperature. The magnetization is suppressed with the increase of external magnetic
field which can explain the large magnetoresistance observed in CMR manganites. The
model calculation of the resistivity based in this model is in progress and the results
will be reported elsewhere.
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